Background and Purpose-Statins reduce the risk of stroke in at-risk populations and may improve outcomes in patients taking statins before an ischemic stroke (IS). Our objectives were to examine the effects of pretreatment with statins on poor outcome in IS patients. Methods-Over a 6-month period all acute IS admissions were prospectively identified in 15 hospitals participating in a statewide acute stroke registry. Poor stroke outcome was defined as modified Rankin score Ն4 at discharge (ie, moderate-severe disability or death). Multivariable logistic regression models and matched propensity score analyses were used to quantify the effect of statin pretreatment on poor outcome. Results-Of 1360 IS patients, 23% were using statins before their stroke event and 42% had a poor stroke outcome. 
S
troke is the third leading cause of mortality and the leading cause of disability in the United States (US), 1 and minority populations, especially blacks, have greater stroke incidence and mortality when compared to whites. 2, 3 Both observational studies and clinical trials have demonstrated that lowering plasma total cholesterol (TC) decreases the risk of coronary heart disease (CHD). 4, 5 In contrast, the evidence for an effect of lowering plasma TC levels on the incidence of stroke has been less definitive. Results from some epidemiological studies have shown no clear association between TC levels and stroke, 6, 7 whereas meta-analyses of clinical trials have shown relative risk reductions for ischemic stroke (IS) of up to about 20% with the use of statins. 5, 8 The Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) study, a randomized clinical trial of atorvastatin in patients who had recent stroke or transient ischemic attack, reported that statins resulted in a 16% reduction in stroke risk. 9 Observational studies have also examined the effect of taking statins before an IS event on stroke-related outcomes. The data show that among IS patients, pretreatment with statins is associated with better functional outcomes, and lower in-hospital mortality. 10 -13 Moreover, the SPARCL study also reports that among the subjects who suffered a stroke event during the trial, 90-day functional outcomes were better among those on statins. 14 It has been hypothesized that the positive benefits of statins on reducing stroke risk and improving stroke outcomes may involve pleiotropic mechanisms separate from their direct cholesterol-reducing effects. 15 These mechanisms may include antiinflammatory, neuroprotective, antithrombotic, direct vascular, and plaque stabilizing effects. 16 -18 Our hypothesis was that patients who were on statins before an IS would have better outcomes at discharge than those not on statins. We chose to examine this relationship in a statewide hospital-based acute stroke registry.
Methods

Registry Design and Case Ascertainment
The Michigan Acute Stroke Care Overview & Treatment Surveillance System (MASCOTS) was a statewide, hospital-based, acute stroke registry that was a prototype for the Paul Coverdell National Acute Stroke Registry (PCNASR). 19 Details of the design of the MASCOTS registry have been published previously. 20 A singlestage cluster design that used a modified stratified sampling regime was implemented to obtain a representative statewide sample of 15 hospitals. Between May and November 2002, trained study nurses prospectively ascertained all acute stroke admissions. To be included in the registry each subject had to meet 1 of the 7 acute stroke case definitions. 19 
Exposure and Outcome Measures
The MASCOTS data abstraction tool included information on demographics, past medical history (PMH), ambulatory status prestroke, emergency evaluation, in-hospital evaluations, treatments and complications, and discharge treatments. 19 The MASCOTS registry also collected information on medications the patient was using before admission. Prestroke statin use was ascertained by identifying patients on any of the following statin drugs at admission: atorvastatin, cerivastatin, fluvastatin, pravastatin, lovastatin, and simvastatin. We included only white or black subjects because the number of other racial groups was small (ie, nϭ19 other races, nϭ94 race not documented). Functional status was determined by the modified Rankin Scale (mRS) recorded at discharge; moderate-severe disability was defined as mRS of 4 or 5. The 76 subjects who died in-hospital (mRSϭ6) were included in the combined measure of poor stroke outcome (ie, mRS Ն4). After excluding subjects who were missing information on mRS (nϭ31), there were 1360 subjects available for analysis.
Data Analysis
Statistical analyses were performed using SAS software, Version 9.1.3 (SAS Institute Inc). Descriptive frequency tables and 2 analyses were used to identify characteristics associated with prestroke statin use and poor stroke outcome. The effect of statin pretreatment on poor stroke outcome (ie, mRS Ն4) was assessed using 2 strategies: traditional multivariable risk-adjusted logistic regression and a propensity score-matched analysis. [21] [22] [23] For the multivariable risk adjustment model, age, gender, and race were regarded as a priori variables of interest and were retained in all models regardless of statistical significance. All other variables with a bivariate probability value of Ͻ0.30 were regarded as potential confounders and included in a larger model. Backwards elimination procedures (with PϽ0.05 to stay) were then used to identify the final main effects models. Two-way interaction terms involving statin use and the other main effect variables were then tested. To assess model fit, the Hosmer-Lemeshow goodness-of-fit 2 statistic was generated (the results indicated an excellent fit ie, Pϭ0.89). 21 Finally, the multivariable logistic model was then regenerated using a generalized estimating equation (GEE) approach that accounted for the potential clustering of data within hospitals. All results presented are from this final GEE-based logistic model.
For the propensity score analysis, a multivariable logistic regression model that predicted statin use among all subjects with IS was generated. A structured, iterative approach was used to develop this propensity score model, where the primary objective was to maximize the balance in the distribution in possible confounders between statin users and nonusers. 22, 23 A broad range of clinical and demographic variables including health insurance status, PMH, concurrent use of other cardiovascular-related medications, enrollment site, and presence of terminal illness were included. The model was modified with the addition of squared terms or interaction terms if imbalances in important covariates were identified between statin users and nonusers. The predicted probability of statin use (ie, the propensity score) was then calculated for each subject using the final model. A greedy matching algorithm was then used to match statin users with nonusers within 0.2*SD of the logit of the propensity score. 24 Because a statistically significant interaction between race and statin use was identified in the multivariable risk adjustment model, statin users and nonusers were also matched on race. To increase statistical power, up to 3 nonstatin users were matched to each statin user. To determine whether the propensity score approach achieved balance in potential confounders, we compared the proportions of each covariate considered in the multivariable risk adjustment model between statin users and nonusers. Evidence of imbalance in potential confounders was identified by examining the reduction in absolute standardized differences (ASD)-adequate balance was defined as ASD of Ͻ10%. 24 Using the final matched dataset, odds ratios (OR) and 95% confidence intervals (CI) for prestroke statin use and poor stroke outcome were generated using a GEE-based logistic regression model that accounted for the matched-pairs design. 24 Overall and race-specific estimates were generated for all subjects and for whites and blacks separately. Because a central motivation of the propensity score method is to replicate the design of a randomized trial, 25 we also estimated the treatment effect of prestroke statins by generating relative risk (RR) estimates of statin use and poor outcome. To confirm the robustness of our findings and to assess the statistical significance of effect modification by race, bootstrap methods with 1000 iterations were used. 26 Race-specific RR estimates of pretreatment with statins on poor stroke outcome were calculated for each bootstrap iteration. The statistical significance of the statin by race interaction was determined by computing a 95% bootstrap CI for the difference in race-specific RRs (black-white).
Results
Descriptive and Unadjusted Results
Of the 1360 black and white IS patients, 309 or 22.7% were taking statins before admission. Table 1 shows the demographic and clinical characteristics of statin users at admission. Subjects 60 to 69 and 70 to 79 years of age were more likely to be on statins at admission, as were subjects with a PMH of stroke, heart disease, hypertension, dyslipidemia, and diabetes, while nursing home residents were less likely to be on statins at admission.
Five hundred seventy-seven subjects or 42.4% had a poor stroke outcome (defined as a mRS Ն4). Table 2 shows that poor stroke outcome was more common among older subjects, females, those with a PMH of stroke, heart disease, AF, hypertension, or nursing home residence. Poor outcome was less common in blacks, current smokers, and subjects who were ambulatory prestroke. Poor stroke outcome was also less common in subjects taking statins before admission: 111 (35.9%) of 309 subjects on statins had a mRS Ն4, compared to 466 (44.3%) of 1051 subjects not on statins before their IS event. Seventy six or 5.6% of the IS cases died in-hospital. In-hospital mortality was also lower among the statin users: 2.3% (nϭ7) of the 309 subjects on statins before admission died in-hospital, compared to 6.6% (nϭ69) of the 1051 subjects not on statins.
Multivariable Risk Adjusted Results
Results from the multivariable model examining the association between prestroke statin use and poor stroke outcome are shown in Table 3 . The unadjusted OR for the effect of prestroke statin use on poor outcome was 0.70. Nursing home residence and ambulatory status prestroke were the only variables found to be significant predictors of poor outcome and were included in the final model along with age, race, and gender. However, multivariable adjustment did not appreciably alter the effect of prestroke statin use on poor outcome: statin use was associated with a 26% reduction in the odds of a poor outcome (ORϭ0.74), although the 95% CI (0.53, 1.02) 
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indicated that the estimate was no longer statistically significant. A statistically significant interaction (PϽ0.01) was found between statin use and race. Among blacks, prestroke statin use was associated with a nonstatistically significant increased odds of a poor outcome (ORϭ1.82), compared to black nonstatin users (Table 3) , whereas among whites, prestroke statin use was associated with a statistically significant 39% decrease in the odds of a poor outcome (ORϭ0.61), compared to white nonstatin users.
Propensity Modeling
The final logistic regression model for calculating the propensity score had a c-statistic of 0.78 indicating good discriminant ability. 21 The matching algorithm included 884 matched subjects or 65% of the 1360 total subjects. Eightyeight percent (nϭ225) of the 256 white statin users were matched to at least 1 white nonstatin user, and 89% of the 53 black statin users (nϭ47) were matched to at least 1 black nonstatin user. After matching, examination of ASD for the combined 884 matched subjects showed that matching had resulted in a dramatically improved balance in the potential confounding variables (Figure) , although ASD of Ͼ10% were still evident for 3 variables: CHD, diabetes, and poor prognosis. When the ASD where examined within whites and blacks separately, there were 3 variables among whites that had an ASD of Ͼ10% (sex, CHD, and poor prognosis), whereas among blacks there were 4 variables that showed imbalance (sex, older age, atrial fibrillation, and diabetes).
The matched propensity score analyses were concordant with the results of the multivariable risk adjusted models. The OR for prestroke statin use and poor outcome among all 884 
ASD
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Where: HxAF = PMH of atrial fibrillation, HxHTN = PMH of hypertension, Reside_ = nursing home residence, HxStroke = PMH of Stroke, HxCADCHD = PMH of heart disease, HxDM = PMH of diabetes, HxSmk= current smoker. Poor prognosis defined as life expectancy less than 6 months.
Figure.
Comparison of absolute standardized differences (% ASD) for potentially confounding variables between unmatched and matched data.
matched subjects was 0.83 (95% CI 0.61, 1.12; 
Discussion
In this prospective cohort of IS cases obtained from a representative state-wide sample of hospitals, use of statins before an IS was associated with better outcomes in whites but not blacks. Based on the multivariable analysis, pretreatment with statins was associated with an approximately 40% reduction in the odds of poor outcome among whites. However, we found evidence of a potential harmful effect of pretreatment with statins among blacks: statins were associated with an approximately 80% increase in the odds of poor stroke outcome. Other observational studies have shown that prestroke statin use was significantly associated with improved functional outcome at discharge in IS patients, 10 -12 as well as decreased in-hospital mortality. 13 Complementing the positive findings of these observational studies is the recent SPARCL trial, which not only showed that statins reduced the risk of stroke but also improved functional outcomes among those subjects who suffered a stroke during the trial. 14 However, none of these studies included information on whether they considered differential effects of statins in different race or ethnic groups.
The central concern regarding observational studies of statin use is that the observed effects are confounded by treatment-selection bias where statins are preferentially prescribed to patients with inherently better prognosis. The presence of strong confounding effects is to be expected because the prescription and adherence patterns for statins are strongly influenced by the presence of comorbidities and poor patient prognosis in the elderly. 27 Countering this concern is the fact that there is a wide range of basic and clinical research that provides strong rationale for how and why statins could improve stroke outcomes through its antiinflammatory, neuroprotective, antithrombotic, and vascular stabilizing effects. [15] [16] [17] [18] Propensity score methods are being widely used in observational studies to account for treatment selection bias and thus identify the true causal treatment effects. 24 In our study, compared to the multivariable risk adjusted results, the matched propensity score results were consistent although attenuated somewhat in whites (the OR estimate changed from 0.61 to 0.71). Among blacks the propensity matched OR estimate also decreased slightly from 1.82 to 1.75. Attenuation of the magnitude and statistical significance of observed treatment effects is typical of propensity score methods. 24, 28 One common interpretation of these more conservative results is that the propensity score method does a better job of controlling confounding. However, recent work has also shown that propensity score analysis may result in the biased attenuation of ORs toward the null, compared to conventional regression adjustment. 29 Another reason for the difference between traditional risk adjustment and propensity methods is that statin users and nonusers that could not be matched on the basis of their propensity score are discarded from the matched analysis (in this study, 12% of users and 42% of nonusers were eliminated). Thus propensity score results are based on a subset of the total study population.
Overall, the propensity score analyses presented in this study should be viewed as confirmatory in that they provide similar effect estimates as the multivariable model results. Our data clearly show evidence that the effects of pretreatment with statins on stroke outcomes differ by race-we found a robust, statistically significant association between pretreatment statin use and better outcomes in whites, but evidence of a possible association between pretreatment statin use and poorer outcomes in blacks. Several mechanisms have been proposed to account for the well recognized racial disparities in stroke, including racial and ethnic variations in lifestyle, access to healthcare, quality of healthcare, differences in health beliefs, and adherence to prescribed therapy. 30 However, there are several reasons why the results generated among blacks in this study should be regarded with some caution at this time. First, the number of black subjects is relatively small (nϭ265) and so the study has limited power to examine statin effects among this group (note that none of the estimates for statin use in blacks reach statistical significance ie, PϽ0.05). Second, the results could be attributable to residual confounding. After propensity score matching relatively large imbalances remained among 3 variables: compared to black nonusers, black subjects on statins were more likely to be female (68% versus 47%), to have diabetes (57% versus 40%), and to be 70 to 79 years of age (34% versus 22%). To explore whether these factors explained the poorer outcomes in blacks, we added these variables to the multivariable risk adjustment model but found no meaningful change in the OR for prestroke statins (data not shown). Finally, it is also possible that the interaction stems from unmeasured variables that play a larger role in determining stroke outcomes in blacks than whites-for example, these results could be a reflection of the complex interplay between prescription and adherence patterns for statins. Long term adherence to statin therapy in the elderly has been shown to be especially poor in blacks and other nonwhite groups, 31 thus it could be hypothesized that blacks who remain on statins may represent a highly selected high-risk group.
Of course, it is possible that this interaction represents a true biological difference in the effect of statins on stroke outcomes between whites and blacks. Given the broad pleiotropic effects of statins, which include antiinflammatory, neuroprotective, antithrombotic, and vascular effects, the potential mechanisms by which statins could differentially influence stroke outcomes are numerous and complex. Previous studies have illustrated the potential for polymorphisms to directly impact the effect of statins on lipoprotein levels 32 and on antiinflammatory mechanisms. 33 Some studies have shown that statins have a similar clinical efficacy and safety in terms of reducing cholesterol levels in blacks, 34 whereas others have found that statins are less effective in blacks. 35 Because of the fact that relatively few minority patients have been included in statin therapy trials to date, available clinical data concerning the effects of statins among nonwhite racial groups is very limited. However, it is interesting to note that in the only statin trial that included a large number of minority patients, ALLHAT-LLT, 36 there was evidence of significant statin by race interactions. Pravastatin increased the risk of stroke in blacks (RRϭ1.12) but reduced the risk in nonblacks (RRϭ0.74), whereas for cardiac events, pravastatin was shown to decrease the risk in blacks (RRϭ0.73) but had no effect in nonblacks (RRϭ1.02).
The strengths of this study include the fact that it is based on a representative sample of statewide hospitals that used prospective case ascertainment and data collection methods. 19, 20 However, because the primary purpose of the registry was to monitor and improve quality of care, we did not collect all the variables that are associated with poor stroke outcome, such as a comorbidity index and stroke severity. In addition, we did not collect information on the duration or dose of statin therapy. Although we do not know how information on race was recorded by the hospitals, we believe that misclassification of black race is unlikely because an independent interrater reliability study found that information on black race was documented with higher reliability (Kappa 0.97) than that of white race (Kappa 0.55). Finally, all outcomes were collected at the time of hospital discharge and the effects of statins are likely to extend beyond this short time horizon.
In summary, this study found that pretreatment with statins was associated with positive benefits with respect to stroke outcomes in whites; however, these data raise the concern that statins are associated with worse outcomes in blacks. These findings suggest the need for further studies, including randomized trials, to explore the possibility of differential effects of statins among whites and blacks with ischemic stroke.
